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COURSE DESCRIPTION IN ABET FORMAT

ASSESSMENT RESULTS
Program Outcomes Assessed in Course
Assessment Summary of Class Semester Averages for Outcomes

End of Semester Course Outcomes Assessment Reports

Midterm
Summary of Topics covered by Midterm
(Summary of topics can be a separate page or include on the assignment
itself)
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work)

I1l. PROJECT 1
Project 1 description
Original Quiz Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work )

IV. PROJECT 2
Project 2 description
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work)

V. FINAL EXAM
Summary of Topics covered by FINAL EXAM
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work)




Course Description
in ABET Format

Course number and name:

ELEG 4330 Introduction to Digital Design

Credits and contact hours:

3credit hours; 5 contact hours
* Subject Area: Engineering Topics

Instructor’s or course
coordinator’s name:

Dr. Xiangfang (Lindsey) Li

Text book: Title:

Digital Design: With an Introduction to the Verilog HDL,
VHDL, and System Verilog

Author:

Morris Mano & Michael Ciletti,

Publisher, Year & Edition:

6th Edition; 2017
Publisher: Pearson

a. Other Supplemental material

Specific course information

a. Brief description of the content of the
course (catalog description)

(3-0) Credit 3 semester hours. The use of hardware
description language and automated synthesis in design.
hierarchical and modular design of digital systems.
Control logic, synchronous and asynchronous sequential
circuit design. Programmable logic devices and field
programmable gate arrays. Circuit simulation for design
verification and analysis. Timing-oriented design.

b. Prerequisites or
Co-requisites

ELEG 2311: Logic Circuits
ELEG 33073: Microprocessor System Design

c. ** Indicate whether a required, elective,
or selected elective (as per definition
provided) course in the program

Required for Computer Engineering

a. Specific goals for the course specific
outcomes of instruction (e.g. The student
will be able to explain the significance of
current research about a particular topic.)

Students will be able to :

b. Explicitly indicate which of the student outcomes
listed in Criterion 3 or any other outcomes are
addressed by the course.

The specific goals for the course specific outcomes listed
on the left column will address the following student
learning outcomes:

1 The course is a continuation of ELEG 3063 (Logic
Circuits). Throughout the course basic concepts are
introduced by way of examples that involve digital

Outcome 2: An ability to apply engineering design to produce



https://catalog.pvamu.edu/search/?P=ELEG%203073

systems design, hardware structures and computer
simulation systems.

2. Provide experience in system design and
simulation using programming gate arrays.

3. Students will be exposed to the design, analysis,
programming and demonstration of functional digital
systems.

solutions that meet specified needs with consideration of public
health, safety, and welfare, as well as global, cultural, social,
environmental, and economic factor

7 | Brief list of topics to be covered

Review of Boolean algebra and logic gates

(3 hours)

Gate level Minimization (3 hours)
Combinational logic (6 hours)
Synchronous Sequential Logic

Latches and Flip-Flops (4.5 hours)
Analysis of Clocked Sequential Circuits (4.5 hours)
Synthesis of Sequential Circuits (4.5 hours)
State reduction and assignment (1.5 hours)
Design procedure of Sequential Circuits (4.5 hours)
Registers (4.5 hours)
Counters (4.5 Hours)
Memory and Programmable Logic (6 hours)

* For all Engineering programs, indicate subject area from the following: Math, Basic science, Engineering topic or Other
** Required courses are required of all students in the program, elective courses (often referred to as open or free electives)
are optional for students, and selected elective courses are those for which students must take one or more courses from a

specified group




Additional Course Syllabus Information

COURSE: ELEG 4330 P01 CRN: 17884

CLASS SCHEDULE: T & R (12:30 pm — 1:50 pm), Face to Face

LOCATION: New Electrical Engr Bldg 115

OFFICE EE building 336

Office Hours: W: 1pm-3pm T & R: 9:00am - 12:00pm; Or by appointment

GRADING POLICY:

The following grading policy will be used as a guide to determine academic performance:

Attendance/quiz(s) 15%
Homework 10%
Midterm 25%
Project(s)/Assignment(s) 25%
Final Exam 25%
Total 100%

Grading Criteria and Conversion:
A =85 or more

B=75-84
C=65-74
D=55- 64

F =54 or below

Any deviation from the above grading policy will be discussed in advance with the class. Such
deviations will be considered only in situations to provide learning enrichment opportunities for
the entire class.

Course Procedures or Additional Instructor Policies

Taskstream

Taskstream is a tool that Prairie View A&M University uses for assessment purposes. One of your
assignments may be required to be submitted as an "artifact,” an item of coursework that serves as
evidence that course objectives are met. If applicable, more information will be provided during the
semester by your department, but for general information, you can visit Taskstream via the link in
eCourses.

ON-LINE RESOURCES:
eCourses (http://ecourses.pvamu.edu/) will be used to disseminate course materials and organize
discussions about the course to help improve the learning experience of the students.

HOMEWORK POLICY:

Homework and design problems will be assigned to complement each unit of instruction.
Students will be required to turn in or demonstrate each assignment. Homework has to be handed
on time. Late homework will not be accepted unless due to acceptable reasons (as defined by


http://ecourses.pvamu.edu/

University policy).

PROJECT/ASSIGNMENT POLICY:
There will be assigned project(s)/assignment. The project(s) will help the students to absorb the
lectures through an interactive approach. Students are required to hand in the project reports.

QUIZ POLICY:

There will be multiple quizzes throughout this course to motivate students to follow the
instruction closely. The quizzes will be administered in the beginning of the class. There will be
no make up quiz if you are absent or late for the class. Make up quiz only apply to excused
absence, student must contact instructor immediately for scheduling make up time within one
week of the missing quiz.

EXAM POLICY:

There is one comprehensive exam, and there will be quizzes throughout the course. Every
student must take all exam/quizzes on the assigned dates. Any student who misses an exam
without a valid excuse will automatically receive zero for that exam. Make-up exams will be
administered in accordance with university policy.

ETHICS:

Cheating or plagiarism on assignments or exams will not be tolerated. Proven cases of ethical
violations will result in a zero for the assignment/exam and possibility of further disciplinary
actions in accordance with university policies.

CLASS ATTENDANCE:

See the University Class Attendance Policy, Effective September 1, 1998. PVAMU requires
regular class attendance. Attending all classes supports full academic development of each
student. Excessive absenteeism may result in a student’s course grade being reduced to a grade
of “F”. Accumulation of one week of unexcused absences constitutes excessive absenteeism.

STUDENT ACADEMIC APPEAL PROCESS

Authority and responsibility for assigning grades to students rests with the faculty. However, in
those instances where students believe that miscommunication, errors, or unfairness of any kind
may have adversely affected the instructor's assessment of their academic performance, the
student has a right to appeal by the procedure listed in the Undergraduate Catalog and by doing
so within thirty days of receiving the grade or experiencing any other problematic academic
event that prompted the complaint.

COLLEGE OF ENGINEERING TEXTBOOK POLICY

Students must acquire the textbook that is listed as “required” on the course syllabus.
The textbook must be acquired by the 10th class day. Students are not allowed to
share textbooks with other students who are currently registered in the same class.
Failure to acquire (or show proof of purchase) the required textbook by the 10th class
day will result in the student being administratively dropped from the course. The
University will assess financial obligations for the course to the student as with any
other dropped class according to the fee schedule. In addition, your financial aid may
be affected by the subsequent registration  action(s). Go to
http://www.pvamu.edu/pages/195.asp for the Roy G. Perry College of Engineering
Textbook Policy.



CONDUCT:

1. Students will conduct themselves in a manner that is respectful to their fellow
classmates

2. No cell phones or other electronic devices during exams and tests.

3. Students are NOT allowed to wear caps/hats in class

AMERICANS WITH DISABILITY (ADA) STATEMENT:

Students with disabilities who believe that they may need an academic adjustment in this class,
are encouraged to contact the Office of Disability Services at (936) 857-2610/2620 as soon as
possible. Once you have received a letter of adjustment from the office, kindly make an
appointment with me to discuss appropriate adjustments for this class.

University Rules and Procedures

Disability statement (See Student Handbook):

Students with disabilities, including learning disabilities, who wish to request accommodations
in class should register with the Services for Students with Disabilities (SSD) early in the
semester so that appropriate arrangements may be made. In accordance with federal laws, a
student requesting special accommodations must provide documentation of their disability to
the SSD coordinator.

Academic misconduct (See Student Handbook):

You are expected to practice academic honesty in every aspect of this course and all other
courses. Make sure you are familiar with your Student Handbook, especially the section on
academic misconduct. Students who engage in academic misconduct are subject to university
disciplinary procedures.

Forms of academic dishonesty:

Cheating: deception in which a student misrepresents that he/she has mastered information on
an academic exercise that he/she has not mastered; giving or receiving aid unauthorized by the
instructor on assignments or examinations.

Academic misconduct: tampering with grades or taking part in obtaining or distributing any
part of a scheduled test.

Fabrication: use of invented information or falsified research.

Plagiarism: unacknowledged quotation and/or paraphrase of someone else’s words, ideas, or
data as one’s own in work submitted for credit. Failure to identify information or essays from
the Internet and submitting them as one’s own work also constitutes plagiarism.

Nonacademic misconduct (See Student Handbook)

The university respects the rights of instructors to teach and students to learn. Maintenance of
these rights requires campus conditions that do not impede their exercise. Campus behavior that
interferes with either (1) the instructor’s ability to conduct the class, (2) the inability of other
students to profit from the instructional program, or (3) campus behavior that interferes with
the rights of others will not be tolerated. An individual engaging in such disruptive behavior
may be subject to disciplinary action. Such incidents will be adjudicated by the Dean of
Students under nonacademic procedures.

Sexual misconduct (See Student Handbook):



Sexual harassment of students and employers at Prairie View A&M University is
unacceptable and will not be tolerated. Any member of the university community violating
this policy will be subject to disciplinary action.

Attendance Policy:

Prairie View A&M University requires regular class attendance. Excessive absences will result
in lowered grades. Excessive absenteeism, whether excused or unexcused, may result in a
student’s course grade being reduced or in assignment of a grade of “F”. Absences are
accumulated beginning with the first day of class.

Student Academic Appeals Process

Authority and responsibility for assigning grades to students rests with the faculty. However, in
those instances where students believe that miscommunication, errors, or unfairness of any kind
may have adversely affected the instructor's assessment of their academic performance, the
student has a right to appeal by the procedure listed in the Undergraduate Catalog and by doing
so within thirty days of receiving the grade or experiencing any other problematic academic
event that prompted the complaint.

COVID-19 Campus Safety Measures
To promote public safety and protect students, faculty, and staff during the coronavirus
pandemic, PVAMU has adopted policies and practices to limit virus transmission.

e Self-monitoring - Students should follow CDC recommendations for self-monitoring.
Students who have a fever or exhibit symptoms of COVID-19 should participate in class
remotely and should not participate in face-to-face instruction.

e Face Coverings - Face coverings (cloth face covering, surgical mask, etc.) are
recommended in classrooms, teaching laboratories, common spaces such as lobbies and
hallways, public study spaces, libraries, academic resource, and support offices, and
outdoor spaces where 6 feet of physical distancing is challenging to maintain reliably.

e Physical Distancing - Physical distancing should be maintained between students,
instructors, and others in course and course-related activities where possible.

e Personal Illness and Quarantine - Students required to quarantine are to participate in
courses and course-related activities remotely and must not attend face-to-face course
activities. Students should notify their instructors of the quarantine requirement. Students
under quarantine are expected to participate in courses and complete graded work unless
they have symptoms that are too severe to participate in course activities. Students
experiencing personal injury or illness that is too severe for the student to attend class
qualify for an excused absence. To receive an excused absence, students must provide
appropriate documentation to the Office for Student Conduct,
studentconduct@pvamu.edu.



End of Semester
Course Assessment Report

This summary contains the following Information

1. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course
outcome assessed in this class and the two previous times course
was assessed.
The acceptable class average for the class in each outcome area as
set by your Department. You cannot use any number of your
choice
Percentage of students who scored below the expected average in
each outcome.

. Implementation Summary

e Brief summary of plans implemented during the semester based
on last assessment report

. Perceived Problems
e Instructor’s critical evaluation of perceived problems that
affected students’ performance. Realistic problems should be
identified throughout the semester and summarized in this section
of the report.

4. New Plans for Addressing Problems
e Instructor’s plans for addressing the perceived problems the next
time the class is taught. These should be specific enough for
another instructor to implement. Most of these should be things
that, you, the instructor can implement to help students to
iImprove. Be creative.

. Overall Trend over last three assessment periods

e Instructors summary of overall performance trend for each
outcome measured over the last three periods.

. Were Expectations Met?
e Answer YES if the class average was above the expected average
and the stated percentage of students scored at or above the
expected average, else answer NO.




Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
ELEG 4330-P01 Introduction to Digital Design

Fall 2021 SEMESTER

Report Prepared by: Dr. Xiangfang Li

Report Date: Dec 19, 2021
Outcome 2: An ability to apply engineering design to produce solutions that
. Number of meet specified needs with consideration of public health, safety, and welfare,
Semester Analysis Students . . .
Type as well as global, cultural, social, environmental, and economic factor
% Students Above Expected % Students Above
Expected Average Average Class Average Expected Average
Fall 2021 Direct 17 75 70% 816 82%
Fall 2020 Direct

Implementation
Summary

> >

Two projects were given and the project requirement were prepared and made available through
e-Courses. The projects’ requirements and report writing were explained in the class.

Perceived Problems

>>

The projects given are tightly related to the materials studied in the class. The objectives of the
project are to give the students opportunity to digest, design, and test their projects. Because of
COVID-19, some students’ attendance could not be guaranteed.

This “introduction to digital design” is a very important course to introduce “digital world”
journey to the students. The initial background and starting point of the students in this class are a
little bit weak. Hence, a systematic methodology is adopted to explain the materials in order to
help students to understand the background and big picture, and systematically connect different
chapters/modules together.

Plans for
Addressing
Problems

> >

Face to face instruction was adopted for the course, at the same time, zoom session is open for the
students who could not attend. Majority of the students attend the course regularly in person,
hence, students’ feedbacks are inquired regularly and the progress of the course are dynamically
adjusted in order to better deliver the material. Multiple ways are adopted to encourage the
students to actively involve in the course, regularly homework and quizzes are given to push the
students to keep up the pace. The instructor is very satisfied to see the students’ progress. Two
projects are given to the students, and majority of the students finished the projects successfully.

Overall Trend over
Periods

= >

Overall trend is improving, the students learning results are improving along the semester.

Were Expectations Met?

Average>70%7
and
>70% students
avg. >70%7?

YES




ELEG 4330-P01 Introduction to Digital Design
Fall 2021

Title of Assignment: Midterm
TOPICS COVERED IN Midterm
Test 1 covered the following topics:

1. Binary arithmetic and Boolean algebra

2. Boolean function simplification, don’t care situation, Sum-of-product
form.

3. Combinational logic, using available Combinational logic block to
design Combinational circuit.

4. Prime implicants and Essential prime implicants.

5. Design combinational logic using universal gates.

6. Design a combinational logic given a practical problem

Page T1




ELEG 4330-P01 Introduction to Digital Design
Fall 2021

Midterm



ELEG 4330 Introduction to Digital Design
Department of Electrical & Computer Engineering
PVAMU

Midterm Exam

Fall 2021
Name:
1 15
2 10
3 10
4 10
5 10
6 10+3
7 12
8 15
9 10
Total

Instructions:

Please keep your middle steps in the exam paper. Only the final result will NOT give you full
credit.

You have 80 minutes to complete the exam. This exam counts for 25% of your course grade.



(15 pts) 1. Binary arithmetic and Boolean algebra
(3 pts) (1.1). Convert unsigned binary number to decimal number

(110110.01)2

(3 pts) (1.2). Convert the Hexdecimal number to binary number

B3F0

(3pts) (1.3) . Please find the complement of the following function and simplify it.
F=A'B(C+D")+E

F'=

(6 pts) (1.4). Please use the Boolean Algebra Theorems to simplify the following boolean
expression to a minimum number of literals.

Fi= (BC’+A’D)(AB’+CD")

Fo= (x(y'z’+yz))’



(10 pts)2. Decoder
Use a decoder and external gate design the combination circuits (F1 and F2) defined by

Fi(x,y,2)=xy+yz

Fa(X,y,2)=xyz+y’z

0_...__

1_

x — 22 2+
. o 31—
decoder 4} —

z—29 5ip
6_.

7_

(10 pts) 3. Simplify the following Boolean Function F, together with the Don’t-Care
condition d, and then please express the function in simplified Sum-of-Product form:

F(A,B,C,D)=3.(2,3,4,7,10,12)

d(ABCD)= ¥,,(0,6,8,11,13)



(10pts) 4. Prime implicants and Essential prime implicants
(a) Specify the following 4-variable boolean function in simplified SOP form.

(b) Please list the Essential prime implicants.

F(A,B,CD)= > (0,2,57,8,10,12,13,14,15)

(10 pts) 5. Design a three-input, one-output minimal two-level gate combinatorial circuit
using only NAND (you may use NOT gates if needed) gates that has a 1" output when only
the majority of its inputs are “1", otherwise, output is "0".

(3pt) a. Draw the truth table

(3pt) b. Minimize the function using K-Map

(4pt) c. Implement the logic using only NAND gates



(1043 pts) 6. Please design a logic to compare the magnitude of two 3-bit unsigned binary
number (A, B): denoted by A3A2A1 and BaB:2B1. Please show the boolean equations of how to
determine whether one number is greater than (A>B), less than (A<B), or equal (A=B) to the
other number.,

Please show the design process, and demonstrate the boolean expressions and logic circuit
(3 bonus points for correct logic circuit).




(12 pts) 7. Given the truth table below, please implement the truth table using a multiplexer.

(6 pts) (7.1) please using an 8-to-1 multiplexer to implement the truth table.

HEEREOOOO
HPHRPOOKRRFROO
HORPRORORO
HPORRPRPOOOPR

88X 1| MUX
So
hY!

| ||

| L[

(6 pts) 7.2 please vusing a 4-to-1 multiplexer to implement the truth table. Briefly explain the
design process.

4 X1 MUX
— As.l]

—s,

—0




(15 pts) 8. Design a combinational circuit with three inputs x, y, and z and three outputs A, B, and C.
When the binary input is 0, 1, 2, or 3, the binary output is one greater than the input. When the binary
input is 4, 5, 6, or 7, the binary output is two less than the input.

Please demonstrate the design process (truth table, K-map, and finally the boolean expression and logic
circuits).



(10 pts) 9. Please analyze the logic, describe the function, and write the truth table/function table.

(Spt) 9.1

(5pt). 9.2







ELEG 4330 Introduction to Digital Design
Department of Electrical & Computer Engineering
PYAMU

Midterm Exam

Fall 2021

Name: g “Heone Nev-lle

3 10 1
4 10 ,gé‘g
5 10 10

6 10+3 /

7 12 @ ,}
8 15 \[{

Total g 8 ( )g

Instructions:

Please keep your middle steps in the exam paper. Only the final result will NOT give you full
credit.

You have 80 minutes to complete the exam. This exam counts for 25% of your course grade.



/% (15 pts) 1. Binary arithmetic and Boolean algebra
(’)7/," i (3 pts) (1.1). Convert unsigned binary number to decimal number

A 22 V6 §421,68 =25
(110110.01)2 \ I © | {o, o |

246 A4+ 2 .25
'-\I : 5 q 02_€— l ;‘"

L \/

3 (3 pts) (1.2). Convert the Hexdecimal number to binary number
4 . - e
% zoeld _ e g >
Foli vV W U
o Coee
) (3pts) (1.3) . Please find the complement of the following function and simplify it.
W/ ——
F=A’B(C+D")+E
Fahe )+ (C D)
\ gi
' (6 pts) (1.4). Please use the Boolean Algebra Theorems to snm lify the following boolean
) P g piiry g
- expression to a minimum number of literals. c. é“

Fi= (BC’+A D)(AB’+CD’ )

(R + BCED) +( A ?”AT} T N OZD)
) ¥ -\—— (- /’,"r
= e

Fo= (x(y,2’+yz))’

X {2V 32

X' +. y/(/:i“' Y‘Z\ i Zy\ -+ Zj‘?o

ft

X'+ yat + gfy(\\
\

Eu/ﬁﬁ



(10 pts)2. Decoder

Use a decoder and external gate design the combination circuits (F1 and F2) defined by

| ‘ e P > ¥Z o ue
Fi(X,y,2)=xy+yz ¢ A%t o ’55‘
=gl 07y B | P

Fg(x,y,z)=>‘cyz+y’z
VL el

220N 5P
[ Fa

i
NG 0 l—

'l e

x —— 22 2

w51 3x8 i

i decoder 4 —

Z 20 SH—
6 Escaine -
7 R A e

F(A,B,C,D)=3,(2.3,4,7,10,12)

d(ABCD)= 1n(0,6,8,11,13)

AG oo g \e
acf 2 =
. B
v I Lo M

\o \?% AN (
tc‘b‘ :
ACD

(10 pts) 3. Simplify the following Boolean Function F, together with the Don’t-Care
condition d, and then please express the function in simplified Sum-of-Product form:

C- A0 4Rt + A‘CD‘S
VA VA 4




/" (10pts) 4. Prime implicants and Essential prime implicants
% \ (a) Specify the following 4-variable boolean function in simplified SOP form.

{(b) Please list the Essential prime implicants.

F(A,B,C,D)= Z (0,2,5,7,8,10,12,13,14,15)
IQD(: Ag—’vx’bb-}\%o ,..-'

AD ﬁoh oL\t 1g~ \
| B FP @Jw

N J}L

dste g ¢
v 1"Jj W.H AB
‘!ég al A J

(10 pts) 5. Design a three-input, one-output minimal two-level gate combinatorial circuit
using only NAND (you may use NOT gates if needed) gates that has a "1" output when only
the majority of its inputs are "1", otherwise, output is "0".

(3pt) a. Draw the truth table

(3pt) b. Minimize the function using K-Map

(4pt) c. Implement the logic using only NAND gates

D x vz
= o e O
(A = S R
2 0 ) ° -
4\ 07 Fo xz 4%y t+ Yz
[A
24 ! | v ‘ijﬁ
T X = |
[ C— ug"’ﬁ z |III !
! NNVD § A ¥
| CAE i N 7’3 |
I.' +



(1043 pts) 6. Please design a logic to compare the magnitude of two 3-bit unsigned binary

number (A, B): denoted by AsA2A1 and BaB2Bu. Please show the boolean equations of how to
determine whether one number is greater than (A>B), less than (A<B), or equal (A=B) to the

other number.

Please show the design process, and demonstrate the boolean expressions and logic circuit

{3 bonus points for correct logic circuit).

A>0D) = AaBa tx, A D -\-@/—\ By
(A LT AL Ba t X2 AVE, *@Aﬂ%

(A=m) = %o % %

X;;O

\ :

Ao Ao

Bc (A? |

(A=



\ (12 pts) 7. Given the truth table below, please implement the truth table using a multiplexer.

(6 pts) (7.1) please using an 8-to-1 multiplexer to implement the truth table.

C|F
i 000 |1 R
00110
T 10| 0 P it
A E W
=
T. 1011 F
1100 .
.I-5 1111 F=
8% 1 MUX
e B
;\/rf'b Sl
A R
"-"_'_'5—1-0
———— | )
% L F
—3
—a
e
—s
—7

(6 pts) 7.2 please using a 4-to-1 multiplexer to implement the truth table. Briefly explain the

design process. S\ 55
A oc|¥
4 X 1 MUX o o all F—:C\
/_, —s, e a o tle
A _—Sl C ‘ Qe F—;o
R EE W B O
1 o & |V ,F___l
G0 Frolg v e b ) -
) — 1 1 i Q L B
\ i Iggjidjt_F“C




(15 pts) 8. Design a combinational circuit with three inputs x, y, and z and three outputs A, B, and C.
When the binary input is 0, 1, 2, or 3, the binary output is oue greater than the input. When the binary
input is 4, 5, 6, or 7, the binary output is two less than the input.

Please demonstrate the design process (truth table, K-map, and finally the boolean expression and logic

circuits).
% y 4 A (. P Y;ZQ et AL _AS
¢ o e Ol o o { o B
\ I & | o \ c /)L & /A\ — XY + Y 2
2 ° 1 ool < o '
3 0 4| \ e < ‘ {
4y | o o] e \e° Yz Xy
s o | o) 1
¢ « Y o V@
2 ¢ 1 1t e
\/ -
<
—{>0

]




(10 pts) 9.  Please analyze the logic, describe the function, and write the truth table/function table.

(5pt) 9.1

b A
v v 0 \¢~)l.-_ é,}’v&;&-é%{}

Py
N

A e = e
v o
ffn@ =(A'+ B +@_.\/
C)' (5pt). 9.2
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ELEG 4330 Introduction to Digital Design
Department of Electrical & Computer Engineering
PVAMU

Midterm Exam

Fall 2021
Name: jﬂ\/ I'.RM Wﬂ ”W

2 10

[V
3 10 /U
4 10 g

6 10+3 %
B 12 Q

Total 7

Instructions:

Please keep your middle steps in the exam paper. Only the final result will NOT give you full
credit.

You have 80 minutes to complete the exam. This exam counts for 25% of your course grade.



(15 pts) 1. Binary arithmetic and Boolean algebra
(3 pts) (1.1). Convert unsigned binary number to decimal number

g 4 ! * ' 22 roxa 2
(11011001); = lxa + 1»27 +Ox1 + [ ¥k * XL + OF x +tOXR
T 3L el v v+ O 4 02T
{~ (54.25)

(3 pts) (1.2). Convert the léexdglfnal number to binary number
B3F0 = 157 1011

3 = o1l o | B3FQ = (101l 00l Tt aov)
F oz Il | f,-f’fﬂ
Q= 0000 . f

N
(3pts) (1.3) . Please find the complement of the following function and s1mp11fy it.

F=A’B(C+D’)+E =

F'zn’ Blero’)re / F '/-\C 4-:35 e T
F1= _ 7 — - - . ...1-A.---.
A 6(£+D')+f'
= (A3 r(c+p’))e’ e

- ((A-f@’) *C’-D)E’

(6 pts) (1.4). Please use the Boolean Algebra Theorems to simplify the following boolean
expression to a minimum number of literals.

Fi= (BC'+A’D)YAB’+CD")
’ ’ t ¢ ; t
=R AR+ Reed + ADAB ¥ ADCD
X AA' =
= 0+ 0 + 0 o
’ F,= 0 | f,//

Fa= (x(y’Z’+yz))’ e

= x‘r(y'z,i’yz)
X(y'z' ry2)' = y®z

i



(10 pts)2. Decoder
Use a decoder and external gate design the combination circuits (F1 and Fz) defined by

Fo(xyz)=xytyt £ (% y2) Xpetye
Fi(x,y,2)=xy+yz v, _ _ 2
I( y ) yry :xy(z-rl)\l-(%i'?( )y?- :ﬂ’/VZ. +(’X¥?)j
FaX,Y,2)=Xyz+y’Z =xyz ¥ 7(yz_+ x;-/_z Fxye XYL XyZ o+ 5
oyt Kyz + XyT
- T (3,6,7) “Z.(,57)
n.._._.
1 3
L (1,5 a)
x—22 21— 4
i
y — ol I X8 3 [ //
decoder 4| — o
z—2° 5
6 —
F )
7 . (3,;,4/7)
/f)
P

\

O (10 pts) 3. Simplify the following Boolean Function F, together with the Don’t-Care
[ condition d, and then please express the function in simplified Sum-of-Product form:

F(A,B,C,D)=Y(2,3,4,7,10,12)

!
By i '
A;;\__Q o 0i _lll | N

Q0 ‘| . |k
_: 'XLl ll_ 1 L ~—--.__=_.___.:\.

0 | ) : .l '}'] :f
i

TN
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\ F-h rAC+BC \
- i —f— ,\ )

| ~—

b =3
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~\ L} (10pts) 4. Prime implicants and Essential prime implicants

—t,

\ 4]
{ J
L/

O

(a) Specify the following 4-variable boolean function in simplified SOP form.

{(b) Please list the Essential prime implicants.

F(A,B,C,D)= Zm (0,2,5,7,8,10,12,13,14,15)

A\’N’ 00! o1 I Lo A
00[ | o | & F= BD + A3 +BD
o H R f 4 EET - 5D A8 +BD|
1o | l-_ | I B

(10 pts) 5. Design a three-input, one-output minimal two-level gate combinatorial circuit
using only NAND (you may use NOT gates if needed) gates that has a "1" output when only
the majority of its inputs are "1", otherwise, output is "0".

(3pt) a. Draw the truth table

(3pt) b. Minimize the function using K-Map

(4pt) c. Implement the logic using only NAND gates

2 ‘ B.) C) F=8C+PB+AC
I —
0 o 0 ﬁ\e(/o ol it F~3¢ + A3 +A
o \ ____Q,.-——- 0o Q 'l £z E —_.'_(':'

\ o | O o | 180T
1 ' \
o | 9|0 P

\-4 /f




(1043 pts) 6. Please design a logic to compare the magnitude of two 3-bit unsigned binary

4 ’b number (A, B): denoted by A3A2A1 and B3B2B1. Please show the boolean equations of how to

P i Bi/ determine whether one number is greater than (A>B), less than (A<B), or equal (A=B) to the
other number.

Please show the design process, and demonstrate the boolean expressions and logic circuit
(3 bonus points for correct logic circuit).

— AR,
7P

A<l = ;3 [534'[(/3;- B,LO% @5 +A3f§; )/] ‘\/7;\”@ 09 *@

A7 = ,43 @ +[(A’L13F; (ﬁs !33 f’ﬁs @)’J*[Aﬁ;@;% rﬂjl‘%):_]__-

T e D
A= o @a@ q,@ 0
fefis. X =it <t
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(12 pts) 7. Given the truth table below, please implement the truth table using a multiplexer.

(6 pts) (7.1) please using an §-to-1 multiplexer to implement the truth table.

----------- L

000 |1 \%00 o | K 10

o1l o0 p T - -

019 | 00 |ave | e | s | o

182 : al \b\ \ \ \b \\b

1

1100 ool | abe | abc | abL

111 |1 : - N 8
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LY LY
C/ 8 % | MUX lO_ﬁ-\D‘/ "“b"’. J

Sn

20
~—0~-00Q - P2
L]

|, _RFC + ABC v ABC T ABC

il

e =T ¥ R O P A% T )

(6 pts) 7.2 please using a 4-to-1 multiplexer to implement the truth table. Briefly explain the
design process.

); 4 % 1 MUX S To ;mp/oww\:} s Hx| MUX based
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C —13 / o

™ £ bvr’r"‘(_ s C o C R e [ anp
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(15 pts) 8. Design a combinational circuit with three inputs x, y, and z and three outputs A, B, and C.
When the binary input is 0, 1, 2, or 3, the binary output is one greater than the input. When the binary
input is 4, 5, 6, or 7, the binary output is two less than the input.

Please demonstrate the design process (truth table, K-map, and finally the boolean expression and logic
circuits).



(10 pts) 9. Please analyze the logic, describe the function, and write the truth table/function table.

(5pt) 9.1 NoT + AND = NAND
‘ MOT& l\loT ‘NJT

N
WYY e
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& e
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Instructions:

Please keep your middle steps in the exam paper. Only the final result will NOT give you full
credit.

You have 80 minutes to complete the exam. This exam counts for 25% of your course grade.



(15 pts) 1. Binary arithmetic and Boolean algebra

\

L=y

<

»,

“) .

/ (3 pts) (1.1). Convert unsigned binary number to decimal number

}

g(‘flf)li(')m); 2942-542511% 2’7 = )\0{{. 25

V4

(3 pts) (1.2). Convert the Hexdecimal number to binary number

mpo  B="ip 3% 2 F=15,4 020

= (lon OOH 1111 0000) 5
L/f : .,f’r' x/ |/ .
(3pts) (1.3) . Please find the complement of the following function and simplify it.

F=A’B(C+D’)+E
/
F= @MC*U)J‘E)H;"W
Z (B (D)4

= AR D)?
(6 pts) (1.4). Please use the Boolean Algebra Theorems to simplify the following boolean
expression to a minimum number of literals.

Fi= (BC’+A’D)(AB’+CD’)
< AR B + D'+ ABAD + A'DCD' ,
> A (89)+ RO BD(nd) + A C(0) \
= P+ AR0+AC - (AD] @)@m

Fo= (x(y'2'+yz))’
V‘f K“(‘

= y+(012) (y +2)



(10 pts)2. Decoder
Use a decoder and external gate design the combination circuits (F1 and F2) defined by

Fi(X,y,2)=xy+yz

Fa(X,y,2)=xyz+y’z

'1._
.1’—-—22 2.

3 ==

| 3x8 )
decoder 4 |—
/

Z 20 / 51—
-/
/ 6

/ .|

{/,

(10 pts) 3. Simplify the following Boolean Function F, together with the Don’t-Care
condition d, and then please express the function in simplified Sum-of-Product form:

F(A,B,C,D)=Y,,(2,3,4,7,10,12)

d(4.B,CD)= ¥n(0,6,8,11,13)

P"JQ L
5 : T F= (0 +A'CY B/ p/+pBC + RE'C
(i ld ]
(0 Tom | '
i = D () v D+ ABCH B .
0do : &) +plerd
% o :\ 040 o oppe BT A
i O v i !
‘;{’, g W dolo - p+ B *%Dx/'

e R~ Pules



q (10pts) 4. Prime implicants and Essential prime implicants
(a) Specify the following 4-variable boolean function in simplified SOP form.

(b) Please list the Essential prime implicants.

F(AB,CD)= 3 (0,2,57.8,10,12,13,14,15)

1
£
%\ﬁ 6' DI
L 0o [N :
oo T 6 To F:SD*BDﬂ-HB 9 —
o™ - :
S 0 .
il i \/ K/
W1 pl ¢ko
/ \
040 141 I
00 vptooo
i o DO oY N
0V i i
(10 pts) 5. Design a three-input, one-output minimal two-level gate combinatorial circuit
‘27 using only NAND (you may use NOT gates if needed) gates that has a “1" output when only

the majority of its inputs are "1", otherwise, output is "0".
(3pt) a. Draw the truth table
(3pt) b. Minimize the function using K-Map

(4pt) c. Implement the logic using only NAND gates
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(1043 pts) 6. Please design a logic to compare the magnitude of two 3-bit unsigned binary
number (A, B): denoted by AsA2A1 and BaB2B1. Please show the boolean equations of how to
determine whether one number is greater than (A>B), less than (A<B), or equal (A=B) to the
other number.

Please show the design process, and demonstrate the boolean expressions and logic circuit
(3 bonus points for correct logic circuit).

B pZ P MA b= 3‘562&

Y= bt A6
T Ach
Y =\
(ﬁ;g) = Xz X X, NS
(78) = AsBBt 2By s+ BB/ XY,
(PL) = Pa' By % A Byis+ By B AaXe



(12 pts) 7. Given the truth table below, please implement the truth table using a multiplexer.

(6 pts) (7.1) please using an 8-to-1 multiplexer to implement the truth table.

ABC | F

000 1

0 01 0

010 0

_o1alo

100 1

i 0 LA

110 v}

111 1
8% 1 MUX
L 1

ShOLA e Tt = D

=

(6 pts) 7.2  please using a 4-to-1 multiplexer to implement the truth table. Briefly explain the
design process.

4 % 1 MUX
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(15 pts) 8. Design a combinational circuit with three inputs x, y, and z and three outputs A, B, and C.

When the binary input is 0, 1, 2, or 3, the binary output is one greater than the input. When the binary
( % input is 4, 5, 6, or 7, the binary output is two less than the input.

Please demonstrate the design process (truth table, K-map, and finally the boolean expression and logic

circuits). \ [ ot 10
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(10 pts) 9. Please analyze the logic, describe the function, and write the truth table/function table.
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Combinational Logics Design: Code Converters

Outcome Measured Using this Assignment

Outcome 2

An ability to apply engineering design to produce solutions that meet specified
needs with consideration of public health, safety, and welfare, as well as global,
cultural, social, environmental, and economic factor

Check the engineering design characteristics related to this assignment

x | Involves identifying the specific needs to be met by defining/understanding the problem
and developing plans for the project to satisfy the need

x | Involves conducting a review of the literature and performing preliminary design by

| generating alternative ideas/solutions and applying creativity _

x | Involves performing detailed engineering design leading to specification and
fabrication/selection of components for system being designed.

Involves consideration of one or more of the following (Please check those involved in
this assignment.)

Public health

Safety and welfare

Global factors

Cultural factors

Social factors

Environmental factors

X | Economic factors
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Prairie View A &M University
Department of Electrical and Computer Engineering

ELEG 4330 & Introduction to Digital Design
FALL 2021 (Due Nov. 9)

Students should upload this project report to TaskStream Assignment
and eCourses.

Project 1: Combinational Logics Design: Code Converters

The conversion from one binary code to another is common in digital systems. In this project, the
conversion between binary code and Gray code will be designed and implemented. A project report
is required.

Project Aim: To realize Binary code to Gray code converter and vice versa.
Learning Objective:

1. To learn the importance of non-weighted binary code.
2. To get familiar with combinational circuits design procedure.
3. Understand the importance of Universal gates.

Project requirements:
Design a combinational circuit with four inputs and four outputs:

(1) The circuit should convert a four-bit Gray code number (textbook table 1.6) into the

equivalent four-bit binary number. Please implement the circuit with Universal gate
(NAND gates, in this case).

(2) The logic circuit could convert a four-bit binary number into the equivalent four-bit Gray
code. Please implement the circuit with exclusive-OR gate.

Procedure:

(1) Please demonstrate the design process, from truth table, K-map, corresponding Boolean
expressions, and finally logic circuits implementation.

(2) Please discuss the following questions in your report. (a) What is the necessity of code
conversions? (b) What is gray code? (c) What are universal gates? Why it is important?

(3) If you could access the lab, you could physically implement the logic using appropriate
ICs. If you could not access the lab, you could use Multisim to simulate the logic circuits.

(4) Please test whether your design is correct, and demonstrate the testing procedure in your
report.

In your report, please demonstrate your design process to produce the needed results based on
the knowledge you learned in this course, with the consideration of how to make the design more
optimal, more efficient, and at the same time with economical consideration and limitation.



Rubrics for Grading Design Project

POINTS | MAXIMU
ITEMS ACHIEVED | , M
POINTS
1. Introduction
10
2. Demonstrate design process, including truth table, K- 30
Map, Boolean expressions, etc
3. You final logic circuits and simulation (using Multisim or
ICs); 30
Analysis and Interpretation of your design
4. Discussion of Results and Conclusions 20
5. General Write-up of report
¢ Grammar and adequacy of plots and figures 10
o Proper labeling and reference of graphs and tables
¢ (Clear and meaningful sentences
6. Composite Report Grade 100
7. Grade for student Outcome 2

Outcome 2: An ability to apply engineering design to produce solutions
that meet specified needs with consideration of public health, safety,
and welfare, as well as global, cultural, social, environmental, and
economic factor

100
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1. Introduction:

The conversion from one binary code to another is commonplace in digital systems and is
an essential tool. In this project, two code converters were designed. The first code converter
takes a four-bit Gray code number and converts it to its equivalent four-bit binary number using
NAND gates. The second code converter designed converts a four-bit binary number into the
equivalent four-bit Gray code using exclusiyesOR gates. This project explores the importance of
non-weighted binary code, the combinational circuit design procedures, and the significance of
universal gates.

2. Background

In weighted codes, each digit is assigned a fixed weight according to its position. For
example, the BCD code has weights of 8, 4, 2, and 1, which match each bit's power-of-two
values. BCD obeys the positional weight principle. In a non-weighted binary code, each position
is not assigned a fixed value. Gray code is an example of a non-weighted code. Gray code is used
in applications where the normal sequence of binary numbers generated by the hardware may
produce an error during the transition from one number to the next. Numbers where all the bits
flip, for example, 011 to 100, may have an incorrect number. Gray code addresses this problem
since only one bit changes its value during the transition. It may be more beneficial to use codes
like binary, octal, hexadecimal, Binary Coded Decimal (BCD), Excess-3, or Gray code in
different situations.

A combinational circuit comprises interconnections of logic gates. Combinational logic
gates react to the value of the signals at their input and generate the output signal value. The
output in a combinational circuit is a function of the present input only. A universal gate is a gate
that can implement any Boolean function without the necessity of any other gate type. The
NAND and exclusive-OR gates are examples of universal gates. Both the NAND and exclusive-
OR gates have tremendous advantages for their economical and ease of fabrication.

3. Gray Code to Binary Converter Methodology

Design procedures to convert a four-bit Gray code number to its equivalent four-bit binary
number using NAND gates required the use of the truth table, K-Maps, Boolean expressions, and
Multisim to implement the logic circuit. Binary and Gray code uses four bits; the converter must
have four input and output variables. The four input Gray code variables are represented by the
symbols A, B, C, and D and the four output variables by W, X, Y, and Z. The truth table relating
the input and the output is illustrated in Table 1. The K-maps (Fig. 1 through 4) are plotted to
obtain simplified Boolean functions for the outputs. Each of the four maps represents one of the
four outputs of the circuit as a function of the four input variables. From the K-maps, the
Boolean expression is obtained. By manipulating the Boolean expression, a logic diagram using
NAND gates was created. The Boolean expressions were then used to implement the circuit via
Multisim. Testing was conducted by switching the switches {ABCD) to on (1) or off (0) to
correspond to its Gray code value from the truth table. The binary values produced by the circuit



were then compared to the truth table (table 1). All Gray code (0-15) values were checked and
produced the correct values.

3.1 Gray Code to Binary - Truth Table

Decimal Number Gray Code Binary
ABCD WXYZ
0 0000 0000
1 0001 0001
- 2 0011 0010
3 = 1= 0010 0011
4 0110 0100
5 0111 0101
6 0101 0110
7 0100 0111
8 1100 1000
9 1101 . 1001
L 10 P11} B 1010
O 11 1110 108 1011
12 1010 1100
13 1011 1101
14 1001 1110
15 1000 1111

Table |- Truth Table [ Table for Gray Code 1o Binary converter

3.2 Gray Code to Binary - K-Maps

W=A
AB
Figrure 1: K- Map for Gray Code to Binary converier iQuiput 1F)
X=A®B
X =A'B+AB’

X=(A'B)+(AB")”
X =(A’By(AB’YY



CD

AB 00|01 ]|11]10
0fofololo
T (T T T
imfofofofo
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Figure 2: K- Map for Gray Code to Binary converter (Quiput X)

Y=A®B®C

Y = (A’B’C) + (A’BC’) + (ABC) + (AB’C")

Y = ((A’B’C) + (A’BC") + (ABC) + (AB’C"))”
Y = ((A’B’CY(A’BC’)(ABC)'(AB’C’)'Y

[\CD {

| AB 00 ({01 |1F]10]
00 [ofo[1[1]
or [AE[FH[ oo
1[0 [0 | HEp
1o [Iifo]o

Figure 3: K- Map jor Gray Code to Binary converter (Ouipui 1)
Z=A®BOCe®D
=A’B’C’D +A’B’CD’+A’BC’D’ +A’BCD +ABC’D+ABCD’+AB’C’'D’+AB’CD
= ((A’B’C’D)+A’B’CD")+(A’BC’D’)+HA’BCD) HABC'DYHABCD’)+(AB’C’D’)}+AB’CD))”’

Z=((A’B’C’D)’(A’B’CD’)’(A’BC’D’y(A’BCD) (ABC’D)’(ABCD’)’ (AB’C’D’)’(AB’CD)’Y

CD

AB 0001 |11]10
00 It ]
o1 |1 ] '
TR I
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Figure 4: K- Map for Gray Code 10 Binary converter (Quiput /)

Output Boolean expression:

W=A

X = (A’B)'(AB’)Y

Y = ((A’B’Cy’(A’BC’)’(ABCY(AB’C’)’Y
Z=((A'B’C’DY(A’B’CD’y(A’BC’D’Y'(A’BCDY(ABC’D)'(ABCD’Y (AB’C’D’)’(AB’CD)’)y’



3.3 Gray Code to Binary Converter - Logic circuit implementation
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Figure 3 Logic Circuit Implementation for Grav Code to Binary converter



3.4 Testipg Gray code to Binary Converter

Testing was conducted by switching the switches (ABCD) to on (1) or off (0) to
correspond to its Gray code values from the truth table. The Binary values (WXYZ) was linked
to a LED. LED that was on communicated a value of 1, while if the LED remained off, the value
expressed equaled 0. The logic circuit's binary values (WXYZ) were then compared to the truth
table (table 1). All Gray code values correctly translated to their Binary value.
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ABCD WXYZ
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Figrre 6 Testing Gray Code to Binary Converter (Gray Code vafue (0000)
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Figure 14: Testing Gray Code to Binary Converter (Gray Code value [100)
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Figure 15 Testing Gray Code to Binary Converter (Grayv Code value {101)




Figure 17: Testing Gray Code to Binary Converter (Gray Code vatue 11110}
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Figure 16: Testing Gray Code to Binary Converter (Gray Code value 111)
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Figure (8 Testing Grav Code to Binary Converter (Gray Code value [010)
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Figure 20.- Testing Gray Code 1o Binary Converter (Gray Code value 1001)
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Figure 21 Testing Grav Code 1o Binary Converter (Gray Code value 1000)



4. Binary to Gray Code Converter Methodology

Design procedures to convert a four-bit Binary number to its equivalent four-bit binary
number using exclusive-OR gates required the use of the truth table, K-Maps, Boolean
expressions, and Multisim to implement the logic circuit. Each code uses four bits; the converter
must have four input variables and four output variables. The four input Binary code variables
are represented by the symbols A, B, C, and D, and the four output variables by W, X, Y, and Z
correspond to their Gray code values. The truth table relating the input and the output is shown in
Table 2. The K-maps (Fig. 1 through 4) are plotted to obtain simplified Boolean functions for the
outputs. Each of the four maps represents one of the four outputs of the circuit as a function of
the four input variables. From the K-maps, the Boolean expression is obtained. By manipulating
the Boolean expression, a logic diagram using exclusive-OR gates was created. The Boolean
expressions were then used to implement the logic circuit via Multisim. Testing was conducted
by switching the switches (ABCD) to on (1) or off (0) to correspond to its Gray code value from
the truth table. The binary values produced by the circuit were then compared to the truth table
(table 1). All binary numbers (0-15) converted to Gray code numbers had the correct conversion
values.

4.1 Binary to Gray code - Truth Table

Truth Table
Decimal Number Binary Gray Code

ABCD WXYZ
0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100
8 1000 1100
9 1001 1101
10 1010 1111
11 1011 1110
12 1100 1010
13 1101 1011
14 1110 1001
15 1111 1000

Table 2: Truth Table for Bmary code to Gray code converter



4.2 Binary to Gray code K-Maps

For W:
W=A
CD
AB 00101 [11]10
00 |16 (0 |0 |O
01 10 (0 jO |O
O B ] B
10 | 138 slaanlEs il
Figure 22: K- Map for Binary to Gray Code converter (Ouiput 1}
For X:
X =A’B+AB’
=A®B
CD
AB 00|01 1110
00 jojo0]j0]O0
L 0
110000
10 | i} L B
Figure 23: K- Map for Gray Code to Binary comverter (Oruput X)
ForY:
Y =BC+B’C
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Figure 24: K- Map for Binarv te Gray Code converttr (Owpnut )



For Z:

Z=CD+CD’
=C®D
CD
AB 00[01[11]10
00 i |
01 1 i
11 i 1
10 i I

Figure 23 K- Map for Binary w CGray Code converter (Cutput £)
Output Boolean expression:
W=A
X=A'B+tAB’=A DB

Y=BC+B’'C=B&C
Z=CD+CD’=C®D

4.3 Binary to Gray Code converter - Logic Circuit Implementation

Figure 26; Binary to Gray Code converter - Logic Circuit implementation



4.4 Testing Binary to Gray code converter

\/’P'esting was conducted by switching the switches (ABCD) to on (1) or off (0) to
correspond to its binary values from the truth table. The Gray code values (WXYZ) was linked
to a LED. LED that was on corresponded to a value of 1, while if the LED remained off the
value corresponded to the value 0. The Gray code values (WXYZ) produced by the logic circuit
was then compared to the truth table (table 2). All Binary values were checked and produced the
correct values.

Testing Binary to Gray code Converter:
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Figure 28; Testing Bmary to Grav Code Converter (Binary value (0001}
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Figure 29: Testing Binary tv Gray Code Converter (Binary value 0010)

Decimal Number

ity I, Glay Conwenet 7]
tulste  Trepafer  Jooh  Repons Opliond  Window Help

=X EIEI [ R e I B SR Gy~ N T TR S

Binary Gray Code
ABCD WXYZ
0011 0010
Y B G e e P P @A aAE

= - » ] e T O ] s actne W = Xa @Y o e
- e - - B B - - ST e
hi4 x
A a
- i SRR S e T .j . ¥
o __36':_3. . e T T -
B. |
- i i ! A
May - H waE |
= = TR L S AR
T e ]
Kay - C
o | w1
b 1 e t T =t
] [t N
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Figure 33: Testing Binary to Gray Code Converter (Binary value 01 10)
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Figwre 34: Testing Binary 1o Gray Code Converter {Binary value 0113
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Figtre 37: Testing Binary to Gray Code Converter (Binary value 1010
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Figure 38: Testing Binary 1o Grav Code Converter (Bingry value 10111
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Figure 39 Testing Binary to Grav Coude Converter (Binary value 1100)
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Figure 40 Testing Binary to Grav Code Converter (Binary value 1H01)
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5. Resulits

[t may be more beneficial to use codes like binary, octal, hexadecimal, Binary Coded
Decimal (BCD), Excess-3, or Gray code in different situations. Numbers where all the bits flip,
for example, 011 to 100, may produce an incorrect number. Gray code addresses this problem
since only one bit changes its value during the transition. A universal gate is a gate that can
implement any Boolean function without the necessity of any other gate type. The NAND and "~
exclusive-OR gates are examples of universal gates. Both the NAND and exclusive-OR gates

have tremendous advantages for their economical and ease of fabrication. In the design process,
progression from truth table, k-maps, Boolean expression, and logic circuit implementation via
Multsim highlighted steps taken for code conversion.

6. Conclusion

In this project, two code converters were designed, implemented, and tested. Using
NAND gates, the first code converter took a four-bit Gray code number and converted it to its
equivalent four-bit binary number. The second code converter that was designed converts a four-
bit binary number into the equivalent four-bit Gray code using exclusive-OR gates. Both NAND
and exclusive-OR gates are universal gates. The power and usefulness of universal gates help in
implantation due to their economic and ease of use. The project explored the importance of non-
weighted binary code, combinational circuit design procedures, and universal gates’ significance.
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Introduction

In this project, | will design a four-bit grey code number to a four-bit binary number
convertor and a four-bit binary number to a four-bit grey code number convertor. When making
the grey code to binary convertor, | had to implement the circuit using the universal NAND gate.
When making the binary to grey code convertor, | had to implement the circuit using the XOR
gates. To make the convertor | had to use my knowledge of the design procedure, and a Multisim
simulation of the convertor was required. | will walk through the design process and how it

translates into the Multisim simulation.

Design Process

The design process for combinational circuits starts with determining the number of inputs and
outputs. In the case of making the convertor circuits, there are four inputs and four outrputs
because the circuit is converting a four-bit grey code number to a four-bit binary number and
vice versa, as outlined in the project requirements. The second step of the design process is
deriving the truth table that shows the relationship between inputs and outputs. The third step
M
of the design process is obtaining the simplified Boolean expression for each output using the
truth table and K-maps. The fourth and final step of the design process is drawing the logic
diagram to make sure the design is correct. | did this using a Multisim simulation which will be
outline in the next section to show the correctness of the convertor circuits. The figures below

represent the design process for the four-bit grey code number to four-bit binary number

convertor.



Figure 1.1 Grey code to binary truth table

Figure 1.2 Simplified Boolean expression for output W




Figure 1.3 Simplified Boolean expression for output X

Figure 1.4 Simplified Boolean expression for output Y

Figure 1.5 Simplified Boolean expression for output Z




The figures below represent the design process for the four-bit binary number to four-bit grey

code number convertor.

Figure 2.1 Binary to grey code truth table

Figure 2.2 Simplified Boolean expression for output W




Figure 2.3 Simplified Boolean expression for output X

Figure 2.4 Simplified Boolean expression for output Y

Figure 2.5 Simplified Boolean expression for output Z




Multisim Simulation
After completing the design process, | was then able to build the circuits on Multisim to test
W
their functionality which is the last step in the design process. To build the four-bit grey code to
four-bit binary number convertor on Multisim, | needed 12 NAND gates, four inputs, and four
outputs. In this section | will show that the simulation is functioning properly and agrees with

the truth table. The conversions that | test for both the grey code convertor and binary code

convertor are highlighted in the truth tables in figures 1.1 and figure 2.1. Below is the grey code

to binary convertor without any inputs selected. 1%
w
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Figure 3.1 Grey code to Binary Convertor



The figures below are showing an example of converting grey code input to binary output.
When the switch on the left is open the input is 0 and when it is closed the input is 1. For the

output, when the light is green the output is 1 and when the light is not on the output is 0.
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Figure 3.2 Grey code input is 0110 and binary output is 0100 as shown in figure 1.1
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Figure 3.3 Grey code input 1000 and binary output 1111 as shown in figure 1.1



To build the binary number to grey code convertor on Muiltisim, | needed three XOR gates, four

inputs, and four outputs. The figure below is the binary to grey code convertor with no inputs

selected.

Figure 4.1 Binary to Grey Code Convertor

The figures below are showing an example of converting binary input to grey code output.

When the switch on the left is open the input is 0 and when it is closed the input is 1. For the

output, when the light is green the output is 1 and when the light is not on the output is 0.



..................................................................

.......................................................................

Figure 4.2 Binary input 0101 and grey code output 0111 as shown in figure 2.1



Figure 4.3 Binary input 1100 and Grey Code output 1010 as shown in figure 2.1



Conclusions
In conclusicen the project was completed successfully, and the convertor circuits are functioning
as intended as shown in the Multisim simulatio:Code convertors are necessary because they
can make two systems compatible even though they use different codes. The grey code is a way
to order the binary system of zeros and ones such that two values differ in only one bit, a bit is
also referred to as a binary digit. There are two universal gates NAND.and NOR, they are
important because they can implement all of the logic functions OR, AND, and NOT. The grey

code to binary number convertor uses one of the universal gates in combinational logic circuits,

the NAND gate.
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Project Aim:
To realize Binary to Gray code converter and vice versa.

Learning Objective:
1. To learn the importance of non-weighted binary code.
2. To get familiar with combinational circuits design procedure.
3. Understand the importance of Universal gate.

Project requirements:

Design a combinational circuit with four inputs and four outputs:

(1) That convert a four-bit Gray code number (textbook table 1.6) into the

equivalent four-bit binary number. Please implement the circuit with Universal gate (NAND gates).
(2) That convert a four-bit binary number into the equivalent four-bit Gray code.

Please implement the circuit with exclusive-OR gate.

Procedure:

(1) Please demonstrate the design process, from truth table, K-map, corresponding Boolean
expressions, and finally logic circuits implementation.

(2) Please discuss the following questions in your report. (a)What is the necessity of code
conversions? (b)What is gray code? (c)What are universal gates? Why it is important?

(3) If you could access the lab, you could physically implement the logic using appropriate
ICs. If you could not access the lab, you could use Multisim to simulate the logic circuits.

(4) Please test whether your design is correct, and demonstrate the testing procedure in your report.

In your report, please based on the knowledge you learned in the class, demonstrate your design
process to produce the needed result with the consideration of how to make the design more
optimal, more efficient, and at the same time with economical consideration and limitation.



e Please demonstrate the designprocess, from truth table, K-map, corresponding Boolear
expressions, and finally logic circuits implementation.

-Truth Table:










® Please discuss the following questions in your report. (a)What is the necessity of code
conversions? (b)What is gray code? (c)What are universal gates? Why is it important?

(a)What is the necessity of code conversions?:

Code conversion is necessary at times when a user/system needs to use the output of one system
as the input to another system. For it to operate properly, the conversion circuit has to be inserted in between
both of the two systems when both of the systems use different codes for the same information. This is a great
tool for machine language so they could effectively send information back and forth thus communicating with
each other.

(b) What is gray code?:

Gray code is a binary number systemn where all the successive pair of numbers differs in only one bit.
They are very useful in the normal sequence of the binary numbers that are generated by the hardware that
may cause some error during the transition from one number to the next number, because Gray code can easil
Eliminate this issue since only one bit actually changes its value during the transition between two numbers.
Also, Gray code is not weighted which means it does not depends on a positional value of a digit.

© What are universal gates? Why is it important?

A universal gate is a gate that can implement any Boolean function without the need to use any other
gate type. Also, universal gates can be used to construct all other logic gates. This is important for this
project because NAND gates and XOR gates are considered universal gates, which are the two types of gates
that we are working with in our logic imnplementations.




e If you could access the lab, you could physically implement the logic using appropriate
ICs. If you could not access the lab, you could use Multisim to simulate the logic circuits.
Please test whether your design is correct, and demonstrate the testing procedure in your report.
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-Multisim logic implementation using only XOR gates:

o Conclusion:

In conclusion, this project has given me a more in-depth understanding of universal gates
and the importance of code conversion between binary and gray code. All of these things
are very useful in machine language and the transformation of information in between
systems so they can better operate/communicate with each other and remain efficient.
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Outcome 2

An ability to apply engineering design to produce solutions that meet specified
needs with consideration of public health, safety, and welfare, as well as global,
cultural, social, environmental, and economic factor

Check the engineering design characteristics related to this assignment

x | Involves identifying the specific needs to be met by defining/understanding the problem
and developing plans for the project to satisfy the need
x | Involves conducting a review of the literature and performing preliminary design by
generating alternative ideas/solutions and applying creativity L
Involves performing detailed engineering design leading to specification and
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ELEG 4330 & Introduction to Digital Design

FALL 2021 (Due Dec. 2)
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In this project, Design Binary Coded Decimal (BCD) sequence counters, two parts will be
performed. A project report is required.

In this project, sequential logic design will be performed. Both asynchronous and synchronous
BCD counter design will be explored.

Part 1: BCD ripple counter design.

Part 2: Synchronous BCD counter design. Please follow the design procedure, construct a state
diagram following the specification, construct state table, and choose the type of flip-flops to be
used, then derive the simplified flip-flop input equations and draw the logic diagram.

Please implement both design in Multisim or HDL.

In your report, please describe the design process and the design results. Please test your design
and show the test process and results in your report. In your conclusion, please describe your
understanding of the differences of those two different counters.

Rubrics for Grading Design Project

' POINTS | MAXIMUM
ITEMS ACHIEVED | POINTS
1. Introduction 10
2. Demonstrate design process 30
3. Your final logic circuits and simulation; 30
Analysis and Interpretation of your design

4. Discussion of Results and Conclusions 20
5. General Write-up of report

e Grammar and adequacy of plots and figures 10

¢ Proper labeling and reference of graphs and tables

¢ (Clear and meaningful sentences
6. Composite Report Grade 100
7. Grade for student Outcome 2 50%
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1. Objective

This project explores the sequential logic design procedures of the asynchronous BCD
counter and the synchronous BCD counter.

2. Introduction:

There are two types of counters depending on which clock pulses are applied. The types are
asynchronous counter and synchronous counter. In Asynchronous counter, also known as a
Ripple Counter, different flip flops are triggered with different clock, not simultaneously.
Synchronous Counter, on the other hands, all flip flops are triggered simultaneously with the
same clock. During this project, we explore the design procedures of both the asynchronous
BCD counter and synchronous BCD counter.

3. BCD ripple counter Methodology

BCD counter counts up to the number 10 with an applied clock signal. The BCD counter
is 4-bit binary counter that counts from 0000 (0) to 1001 (9) in decimal form on the application
of the clock signal. The logic diagram was derived in figure 3.2 from this knowledge. In this
project, the BCD ripple counter was designed using four D flip-flops. A 4-bit counter counts
from binary 0000 to binary 1111. A way to stop the count after ten was implemented using an
AND gate to initiate a reset after 10. The logic diagram is shown in figure 3.3.

3.1 State Diagram

Figure 3.1 — BCD State Diagram



3.2 Input Equations
Input equation

Do = Qo’
D1=Q1’
D2=Q2
D3 =Q3’
R=0Q1Q3
3.3 Truth Table
Decimal a3 qQz2 a1 Qo
0 0 0 0 0
11 0 0 o 1
R o i 0
3 _0 S "
4 0 Fad s 0 0
= o 1 0 1
6 0 1 1 0
7 0 — 1 1
| 8 4 b ) 0
9 ] 0 0 1
10 ik 0 e 0
11 1 0 1 1
B T G S TRD
13 1 1 0 1
P a8 oo 0
15 1 1 1 1

Table 3.1 — Truth Table for reset portion



3.4 Logic Circuit {BCD asynchronous Counter)

Qo Q; Q: Qs

LD Q J_‘ I—D Q H D QH |~D QH
=2LeK > CK Lex >CK
afl [ elld] T, al

A2l
<l
Ll

Figure 3.2 Logic Circuit (BCD asynchronous Counter — Count to 9) via Multisim
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Figure 3.2 Logic Circuit (BCD asynchronous Counter — Count to 99)
4. Synchronous BCD counter Methodology

A BCD synchronous counter counts to the number 10 with an applied clock signal. The BCD
counter is a 4-bit binary counter that counts from 0000 (0) to 1001 (9) in decimal form on the
application of the clock signal. The BCD synchronous counter was designed using four JK flip-
flops. A 4-bit counter counts from binary 0000 to binary 1111. A way to stop the count after ten
was implemented using an AND gate to initiate a reset after 10. The State diagram is presented
in figure 4.1. A JK-Flip Flop was chosen to be used for this design. The next step involved
assigning binary values to the states and obtaining a state table shown in table 4.1 and table 4.2.
A simplified flip-flop input equation was derived by using k-maps. The simplification procedure
via k-maps is highlighted in figure 4.2 to figure 4.10. The logic diagram was drawn from the
derived equations and is illustrated in figure 4.11. An extended counter that counts to 99 is
shown in figure 4.12.

The design procedures followed to create a synchronous BCD counter are outlined below,

Derived a state diagram for the circuit from the specifications given.
Reduced the number of states if necessary.

Assigned binary values to the states.

Obtained the binary-coded state table.

Chose the type of flip-flops to be used.

Derived the simplified flip-flop input equations and output equations.
Drew the logic diagram.

QmmoUnw»>



4.1 State Diagram

Figure 4.1 — BCD State Diagram

4.2 - State Table - Synchronous BCD counter

- Decimal A B C D
ok 0 0 H0i 0
1 0 0 0] 1
2 0 0 ke 0
3_ _ 0 0 1 1
5 0 10 1
7 0 1 ! 1
s 1 0 0 o
|9 1 0 0_ 1
0T 0 i L raa 03
11 0 1 1
a2 1 it ot 0t
13 1 2 0 1
, 14 1 1 1 0
15 1 1 1 1

Table 4.1 - State Table for Present State (ABCD) portion



Decimal Aft+1) B{t+1) c(t+1) dit+1)
i 0 0 eaxtt C Bl O a5 1o
1 LI L R

[y
=N

b
|
t
!
!
k
T
I
|
|

iRl oo
o
]

:i—‘!i—"!o
o

o o

F
i
;
i
i
I
]
|
F
|
I
|
|

<

1
] ¥ I
{ e
1

Ixtiololo

X x X O R~ O0 o
x;‘x:xfxgo

!
6
B

I(.IJ

|

1
% x

[y
un
>
=

Table 4.2 — State Table for Next State (ABCD) portion
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Table 4.3 — JK flip flop table



Decimal A B C D
0 W 0 0 0
|1 0 0 0 1
£l ol 0 1 0
E 0 0 1 1
o 0 1 O 02K
|5 0 1 0 1
el 0 1 1 o
7 0 1 1 1
8 1 0 ol o
9 1 0 0 1
£ 0 1 ol
11 1 0 1 1
12 i 1 0 0
13 1 1 0 1
14 ¥ i e 8]
15 1 1 1 1
Table 4.4 — Truth Table for reset portion
4.3 - K-maps - BCD synchronous counter
CD
AB 00 [O1|11]10
00
01
11 | x | x \1_(_ X
10| x | x| x| x
Figure 4.2 Ja K-map
Ja=BCD
CD
AB 00 | 441l ] 10
00 [ x [ x| x\x
01 | x{ x| x[x
11 [ x §{ x| xJx
10 1| x/] x

o

xIx x/x x » ooooooooo



Figure 4.3 Ka K-map
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Figure 4.4 Jb K-map
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Figure 4.5 Kb K-map
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Figure 4.6 Jc K-map

Jc=AD

AB

CD

L1

10

00

01

11

X
x |1
x| x

10

RN

\x | x

L —

Figure 4.7 Kc K-map




Kc=D
CD
AB Q0 |01 | 11]10
00 [f1T | x| x| 1}
01 1 x| x| 1
11 1 x| x| 1
100 Q| x|x]1
~——
Figure 4.8 Jd K-map
Jd=1
CD
AB 00 1|10
00 [/x [ L ]1]x
0l | x 1|11 | x
11§ x 1 1| x
10¢ x |1 | x| x
Figure 4.9 Kd K-map
Kd=1
CD
AB Q0 |01 | 11110
00| 0 l0O0|0}O
01 010|000
11 X | x X
10 0 [0 (x| 1

Figure 4.10 Reset K-map

R=AC
4.4 \nput Equations

Simplified input equation for BCD synchronous counter:

Ja=BCD Ka=D
Jb=CD Kb=CD
Jc=A’D Ke=D
Jd=1 Kd=1

R=AC




4.5 Logic Circuit {BCD synchronous Counter)
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Figure 4.12 — Logic Diagram BCD synchronous counter to 99
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5. Testing counter

Both BCD counters, asynchronous and synchronous, were tested via Multisim. Multisim
testing results for the BCD asynchronous counter are shown in Figures 5.1 to 5.11. Figures 5.12
to 5.22 show testing results for BCD synchronous counter testing.

5.1 Testing of Asynchronous BCD counter
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Figure 5.1 — BCD Asynchronous Testing (0000)
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Figure 5.2 — BCD Asynchronous Testing (0001}
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Figure 5.3 — BCD Asynchronous Testing (0010)
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Figure 5.4 — BCD Asynchronous Testing (CO11)
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Figure 5.5 - BCD Asynchronous Testing (0100)
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Figure 5.6 - BCD Asynchronous Testing (0101)
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Figure 5.8 —- BCD Asynchronous Testing (0111)
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Figure 5.10 — BCD Asynchronous Testing (1001)



Figure 5.11 — BCD Asynchronous Timing Diagram

5.2 Testing of Synchronous BCD counter
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Figure 5.12 — BCD Synchronous Testing (0000)

16



| ERXTE IO L TR ] e
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Figure 5.14 — BCD Synchronous Testing (0010)
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Figure 5.17 — BCD Synchronous Testing (0101)
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Figure 5.21 — BCD Synchronous Testing (1001)

Figure 5.22 — BCD Synchronous Timing Diagram

6. Results

Both the asynchronous BCD counter and synchronous BCD counter ran without issue
and counted from O to 9. There are some critical differences between the Qv?counters. All flip-
flops are triggered with the same clock simultaneously in the synchronous®ounter. While, in
asynchronous counter, different flip flops are triggered with other clocks. Unlike an
asynchronous counter, the state of the output bits changes simultaneously in the synchronous
counter, without any ripple. This difference makes the synchronous counter faster than the
asynchronous counter, leading to a high propagation delay. Since the clock signal in a
synchronous counter is applied simultaneously to the clock inputs of all the flip-flops, there is no
time lag between different outputs.

A major difference between the asynchronous and synchronous design was noted during
the design procedure. Due to the asynchronous counter flip flops being triggered with different
clocks, a systematic design approach could not be taken. A systematic methodology was
followed in the synchronous design procedure, making it more design-friendly.

7. Conclusion

Counters are used in many applications. In places we come across the use of timers, we use
counters of the synchronous type. Counters are used in digital electronics for counting
reasons, they can count specific event happening in the circuit. Counters are especially designed
synchronous sequential circuits, in which, the state of the counter is equivalent to the count
assumed in the circuit by the flip flops. There are many applications of counters in sequential

20



circuits., Some applications are to count the number of occurrences, generate tite sequences, and
address memory.

There are differences between the asynchronous counter and the synchronous counter. In
a synchronous counter, all flip flops are triggered with the same clock simultaneously. While,
asynchronous counter, different flip flops are triggered with different clock. Unlike an
asynchronous counter, the state of the output bits changes simultaneously in a synchronous
counter, without any ripple. This difference leads to synchronous counter being faster in
operation than asynchronous counter, leading to high propagation delay. Since the clock signal in
a synchronous counter is applied to the clock inputs of all the flip-flops simultaneously, there is
no time lag between different outputs.
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Introduction
In this project, | had to design a binary-coded decimal (BCD) ripple counter and a
synchronous BCD counter. The ripple counter can also be referred to as an asyﬂchfﬂnous
counter. To make these counters | had to use Flip-Flops, which are devices that are used as
storage elements. To make the BCD ripple counter | decided to use D Flip-flops, the function of
D Flip-Flops is output is equal to input. To make the synchronous BCD counter | used the T Flip-
Flop, the function of the T Flip-Flop is to toggle the input to obtain the output. In order to

complete these counters, | had to use the design process for sequential circuits.  will walk

through the design process and how it translates into the Multisim simulation.

Design Process

The design process for sequential circuits begins with deriving the state diagram, the state
diagram shows the behavior of the design. In this case, the behavior of the counters will count
from zero to nine and then back to zero and repeat that sequence. The second step of the
design process is creating the state table based on the state diagram. The state table shows the
present state (p.s), next state (n.s}, inputs, outputs, and Flip-Flop inputs. For the BCD ripple
counter the state table only has a present state, next state, and D flip-flop inputs. The state
table for the synchronous BCD counter has present state, next state, cutput, and T Flip-Flops.
The third step of the design process is to obtain the input equations from the state table using
K-maps. The final step of the design process is drawing the circuit to verify that the design is
correct. | did this using a Multisim simulation which will be outlined in the next section to show
the correctness of the counters. The figures below represent the design process for the BCD

ripple counter using D flip-flops.



Figure 1.1 BCD Ripple Counter State Diagram

Figure 1.2 BCD Ripple Counter State Table



Figure 1.3 Input equation for Da

Figure 1.4 Input equation for Ds

Figure 1.5 Input equation for D¢



Figure 1.6 Input equation for Dp

The figures below represent the design process for the BCD synchronous counter using T flip-

flops.
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Figure 2.1 Synchronous BCD Counter State Diagram



Figure 2.2 Synchronous BCD Counter State Table

Figure 2.3 input equation for Tas



Figure 2.5 Input equation for Tg;

Figure 2.6 Input equation for Ta1



Multisim Simulation

After completing the design process, | was then able to build the circuits on Multisim to test
their functionality which is the last step in the design process. To build the BCD ripple counter
on Multisim, | needed a power source, a ground connection, seven AND gates, three OR gates,
four D Flip-Flop, four probes, and a DCD_HEX display to see the numbers counting. In this
section | will show that the simulation is functioning properly and can count any numbers from
zero to nine. Below is a simulation of the BCD ripple counter using D Flip-Flops counting from

five-seven as shown in the display on the right.

Figure 3.1 BCD Ripple Counter starting at five
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Figure 3.2 BCD Ripple Counter changing to six from five
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Figure 3.3 BCD Ripple Counter changing to seven from six




To build the synchronous BCD counter on Multisim, | needed a power source, a ground
connection, four AND gates, one OR gates, four T Flip-Flop, four probes, and a DCD_HEX display
to see the numbers counting. Below is a simulation of the synchronous BCD counter using T

Flip-Flops counting from 3-5 as shown in the display on the right.
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Figure 4.1 Synchronous BCD Counter starting at three
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Figure 4.3 Synchronous BCD Counter changing to five



Conclusions

In conclusion the project was completed successfully, and the counter circuits are functioning
Ly
as intended as shown in the Multisim simulation. The reason the counters only count up to nine
from zero and the other six numbers are “don’t cares”, is because binary-coded decimal only
goes up to nine and nothing higher. The main the difference between an asynchronous counter
and a synchronous counter, is that the flip flops in the asynchronous counter have different
clocks that are not triggered simultaneously. The flip-flops in the synchronous counter are only
triggered by the same clock simultaneously which makes it faster. Another key difference

between the two designs is that the asynchronous counter is also referred to as the serial

counter. The synchronous counter is also referred to as the parallel counter.
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Background Information:

Sequential Logic is a form of binary circuit design that employs one or more inputs and one or
more outputs, those whose states are related and define by rules that depend on previous
states. Inputs and outputs can be either high or low, 1 or 0. This type of logic is used to
construct finite state machines, which are the basic building block in all digital circuitry and in

memory. All practical digital devices are a combination of combinational and sequential logic.

Types of sequential logic include synchronous and asynchronous sequential circuits.
Synchronous sequential logic circuits are digital sequential circuits in which the feedback to the
input for next output generation is governed by clock signals. Asynchronous logic circuits are
clockless or have some sort of timer. They use signals that indicate completion of operations,

specified by simple data protocols.

A Binary Coded Decimal (BCD) counter is a series type of digital counter which is designed to
count ten digits, numbers 0-9. It performs the operation of resetting automatically when there
is a new clock input signal. | my project | will create both a synchronous and asynchronous BCD

counter to show the differences between types.

Objective:

To implement and design both asynchronous and synchronous BCD counter designs, specifically
the BCD ripple counter design and a synchronous BCD counter design. Additionally, to show the
ability to apply engineering design to produce solutions that meet specified needs with

consideration of safety and public health.



Procedure & Results:

Figure 1: Counter State Diagram

Figure one above shows the state diagram of a BCD counter, the direction and order in which it is set up
can account for the overall design of both the synchranous and asynchronous models.

Part 1;: BCD Ripple counter Design

Figure 2: State Table Part 1



Figure 3: Logic Circuit Part 1

Figure 4: BCD Ripple output



Figure 5: Simulink Part 1

Part 2: Synchronous BCD Counter Design

Figure 6: State Toble & Input Equations Port 2
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Figure 8: Multisim Part 2

As shown in Figure 8, the way | designed my circuit allows the output to change on the LCD hexadecimal
display. So as soon as the circuit is running, the BCD starts counting from 0-9 repeatedly. This was done
in both Simulink designs as well as the inclusion of the probes at the top of the designs which show the
binary equivalent (from left to right} of the decimal numbers shown in the LED display. One of the main
differences between part 1 and part 2 is the way the clock is used. In the synchronous model the clock is
required throughout, but for the asynchronous it is not. | used the same flip flips so the differences
could be easily distinguished. BCD counters have a sequence of 10 states, 0-9, and because of those 10
states, 4 flip flops are used.



Conclusion:

Throughout this project the understanding of both synchronous and asynchronous sequential
logic was shown, and the understanding and implementation of BCD counters. For each
individual part of the project, JK flip flpps were used, the differences and similarities between
asynchronous and synchronous desigps can be seen in the results. The design procedure was
followed and successfully completed. This was done with engineering application to meet the
specified requirements and all things were considered.
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table; state diagram; Mealy and Moore state machine
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. Memory and Programmable Logic
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ELEG 4330 Introduction to Digital Design
Department of Electrical & Computer Engineering

PVAMU
Final Exam
Fall 2021
Name:
1 24
2 20
3 20
4 10
5 14
6 12
7 15
Total 100+15
Instructions:
(1) This exam is close book and notes. One cheatsheet is allowed.
(2) Cell phone is not allowed.
3) Please keep your middle steps in the exam paper. Only the final result will NOT

give you full credit.

You have 120 minutes to complete the exam. The points for each problem are indicated. This
exam counts for 25% of your course grade.



(24 pts) 1. Sequential digital logic
(4 pts) (1.1). Please briefly compare Combinational logic and Sequential logic.

(4 pts) (1.2). Please briefly compare Synchronous sequential logic circuits and Asynchronous
sequential logic circuits.

(6 pts) (1.3). Please demonstrate how to construct a D flip-flop from D Latches (with
falling edge triggered).

(10pts) (1.4) . Given the following timing diagram, please draw the corresponding output(s)
in the timing diagram. Assume O start with 0.
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(20 pts) 2. Analysis of Clocked Sequential Logic Circuits

(5 pts) 2.1. Is the following circuit a Mealy or Moore state machines? Please explain the
difference between Mealy and Moore state machines.

ig'\:& : 3 ’

—> Clk o—~l—— A’

J

Cloack

(15 pts) 2.2.  Analysis of Clocked Sequential Circuits: Please based on the following circuit diagram,
show (i) State Equations; (ii) State table; and (iii) State diagram, then explain the function.
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@ 1




(20 pts)3. Design a sequential logic circuit with two D flip-flops A and B, and an input x.

When x=1, the state of the circuit remains the same. When x=0, the circuit goes through the
state transitions from 00 to 01, to 11, to 10, back to 00, and repeats.

Please demonstrate (i) state diagram, (ii) state table, and (jii) then draw the designed
sequential circuit.



(10 pts) 4.  Please analyze the following logic circuit, show the state equation, and explain
the funtion of this circuit.
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(14pts) 5. Memory: the memory units are specified by the number of words times the
number of bits per word.

(4 pts) 5.1 Given a memory consisting of 64k words x 16 bits, (i) how many address
lines are needed to access the 64k words? (ii) how many input/output data lines are
needed to read/write information into the memory?

(10 pts) 5.2 Assume a 64k x 16 RAM chip uses coincident decoding by splitting the
internal decoder into row slection and column selection. Assume the RAM cell array is
square, (i) what is the size of each decoder? (ii) Please draw a diagram to show the two-
dimensional decoding structure for the 64k word memory.



(12 pts) 6. Programmabe Logic Array (PLA)

Please using a PLA to implement the following two Boolean funtions, considering
minimizing the number of product terms. (Please show your implementation process, and
finalize with the circuit of the designed PLA)

Fi1(A,B,C)=2(0, 2, 3, 6)

F2(A,B,C)=3(2,4,5,7)



(15 pts) 7. Please design the sequential circuit specified by the following state diagram using
T flip-flops. Please follow the design prcedure and end with the drawing of the sequential
circuit.
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Instructions:
H This exam is close book and notes. One cheatsheet is allowed.
(2) Cell phone is not allowed.
(3) Please keep your middle steps in the exam paper. Only the final result will NOT

give you full credit.

You have 120 minutes to complete the exam. The points for each problem are indicated. This
exam counts for 25% of your course grade.



F ~ (24 pts) 1. Sequential digital logic
6’9 (4 pts) (1.1). Please briefly compare Combinational logic and Sequential logic.
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(4 pts) (1.2). Please briefly compare Synchronous sequential logic c¢ircuits and Asynchronous
sequential logic circuits. ¢, hferews Cxeer sy Clock Pk of a P Fer. eop
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(6 pts) (1.3). Please demonstrate how to construct a D flip-flop from D Latches (with

4‘ falling edge triggered).
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(lﬂi)ts) (1.4). G;/en the following timing diagram, please draw the corresponding output(s)
l O in the timing diagram. Assume Q start with O,
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(20 pts) 2. Analysis of Clocked Sequential Logic Circuits
(5 pts) 2.1. Is the following circuit a Mealy or Moore state machines? Please explain the

i

h/ difference between Mealy and Moore state machines.
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(15 pts) 2.2,  Analysis of Clocked Sequential Circuits: Please based on the following circuit diagram,
show (i) State Equations; (ii) State table; and (iii) State diagram, then explain the function.
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/ ﬁ (20 pts)3.  Design a sequential logic circuit with two D flip-flops A and B, and an input x.

When x=1, the state of the circuit remains the same. When x=0, the circuit goes through the
state transitions from 00 to 01, to 11, to 10, back to 00, and repeats.

Please demonstrate (i) state diagram, (ii) state table, and (iii} then draw the designed
sequential circuit.
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(10 pts) 4. Please analyze the following logic circuit, show the state equation, and explain
the funtion of this circuit.
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(14pts) 5. Memory: the memory units are specified by the number of words times the
number of bits per word.

(4 pts) 5.1 Given a memory consisting of 64k words x 16 bits, (i) how many address
lines are needed to access the 64k words? (ii) how many input/output data lines are
needed to read/write information into the mernory‘7 =3 2\0
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(10 pts) 5.2 Assume a 64k x 16 RAM chip u uses coxnél_(i-cﬁt_decodmg by splitting the
internal decoder into row slection and column selection. Assume the RAM cell array is
square, (i) what is the size of each decoder? (ii) Please draw a diagram to show the two-

dimensional decoding structure for the 64k word Mmemory. k= L\°
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(12 pts) 6. Programmabe ngic Array (PLA)

Please using a PLA to implement the following two Boolean funtions, considering
minimizing the number of product terms. (Please show your implementation process, and

ocgival [
Crodtt

finalize with the circuit of the designed PLA)
F1(A,B,C)=(0,2,3,6)

F»(AB,C)=(2,4,5,7)
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/ © (s pts) 7. Please design the sequential circuit specified by the following state diagram using

‘ ‘7 T flip-flops. Please follow the design prcedure and end with the drawing of the sequential
circuit.
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ELEG 4330 Introduction to Digital Design
Department of Electrical & Computer Engineering
PVAMU

Final Exam

Fall 2021
Name: _ Monered Fimed

1 24 2.0
2 20 / 6
3 20
/5
4 10 /0
5 14
6 12 ;l(,
7 15
Total 100+15 g g(i

Instructions:

(D This exam is close book and notes. One cheatsheet is allowed.

(2) Cell phone is not allowed.

3 Please keep your middle steps in the exam paper. Only the final result will NOT

give you full credit.

You have 120 minutes to complete the exam. The points for each problem are indicated. This
exam counts for 25% of your course grade.



(24 pts) 1. Sequential digital logic

b
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(4 pts) (1.1). Please briefly compare Combinational logic and Sequential logic.
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(4 pts) (1.2). Please briefly compare Synchronous sequential logic circuits and Asynchronous

sequential logic circuits.
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(6 pts) (1.3). Please demonstrate how to construct a D flip-flop from D Latches (with
falling edge triggered).

(10pts) (1.4) . Given the following timing diagram, please draw the corresponding output(s)
in the timing diagram. Assume Q start with 0,
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(20 pts) 2. Analysis of Clocked Sequential Logic Circuits

(5 pts) 2.1. Is the following circuit a Mealy or Moore state machines? Please explain the
difference between Mealy and Moore state machines.
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(15 pts) 2.2. Analysis of Clocked Sequential Circuits: Please based on the following circuit diagram,
C show (i) State Equations; (ii) State table; and (iii) State diagram, then explain the function.
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(20 pts)3. Design a sequential logic circuit with two D flip-flops A and B, and an input x.

When x=1, the state of the circuit remains the same. When x=0, the circuit goes through the
state transitions from 00 to 01, to 11, to 10, back to 00, and repeats.

S
Please demonstrate (i) state diagram, (ii) state table, and (iii) then draw the designed ,
sequential circuit. nt . @/)
e o ©0 -
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(10 pts) 4.
the funtion of this circuit.
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Please analyze the following logic circuit, show the state equation, and explain
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(14pts) 5. Memory: the memory units are specified by the number of words times the
number of bits per word.

(4 pts) 5.1 Given a memory consisting of 64k words x 16 bits, (i) how many address
lines are needed to access the 64k words? (ii) how many input/output data lines are
needed to read/write information into the memory?
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(10 pts) 5.2  Assume a 64k x 16 RAM chip uses coincident decoding by splitting the
internal decoder into row slection and column selection. Assume the RAM cell array is
square, (i) what is the size of each decoder? (ii) Please draw a diagram to show the two-
dimensional decoding structure for the 64k word memory.
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(12 pts) 6. Programmabe Logic Array (PLA)

minimizing the number of product terms. (Please show your implementation process, and
finalize with the circuit of the designed PLA)

}\ Please using a PLA to implement the following two Boolean funtions, considering
Fi(A,B,C)=2.0,2,3,6)

F2(A,B,C)=3(2,4,5,7)
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(15 pts) 7. Please design the sequential circuit specified by the following state diagram using
T flip-flops. Please follow the design prcedure and end with the drawing of the sequential
circuit.
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ELEG 4330 Introduction to Digital Design
Department of Electrical & Computer Engineering
PVAMU

Final Exam

Fall 2021
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Instructions:

(H This exam is close book and notes. One cheatsheet is allowed.

(2) Cell phone is not allowed.

(3) Please keep your middle steps in the exam paper. Only the final result will NOT

give you full credit.

You have 120 minutes to complete the exam. The points for each problem are indicated. This
exam counts for 25% of your course grade.



(24 pts) 1. Sequential digital logic
(4 pts) (1.1). Please briefly compare Combinational logic and Sequential logic.
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(4 pts) (1.2). Please briefly compare Synchronous sequential logic circuits and Asynchronous
sequential logic circuits.
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(6 pts) (1.3). Please demonstrate how to construct a D flip-flop from D Latches (with
falling edge triggered).
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(10pts) (i.4) . Given the following timing diagram, please draw the corresponding output(s)
in the timing diagram. Assume O start with 0.
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(20 pts) 2. Analysis of Clocked Sequential Logic Circuits
(3 pts) 2.1. Is the following circuit a Mealy or Moore state machines? Please explain the

g difference between Mealy and Moore state machines.
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(15 pts) 2.2. Analysis of Clocked Sequential Circuits: Please based on the following circuit diagraq!f}"\ : ?)._-

show (i) State Equations; (ii) State table; and (iii) State diagram, then explain the function.
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[ O (20 pts)3. Design a sequential logic circuit with two D flip-flops A and B, and an input x.

When x=1, the state of the circuit remains the same. When x=0, the circuit goes through the
state transitions from 00 to 01, to 11, to 10, back to 00, and repeats.

Please demonstrate (i) state diagram, (ii) state table, and (iii) then draw the designed
sequential circuit.
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(10 pts) 4.
the funtion of this circuit.
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Please analyze the following logic circuit, show the state equation, and explain
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(14pts) 5. Memory: the memory units are specified by the number of words times the
number of bits per word.

(4 pts) 5.1 Given a memory consisting of 64k words x 16 bits, (i) how many address
lines are needed to access the 64k words? (ii) how many input/output data lines are
needed to read/write information into the memory?
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(10 pts) 5.2  Assume a 64k x 16 RAM chip uses coincident decoding by splitting the
internal decoder into row slection and column selection. Assume the RAM cell array is
square, (i) what is the size of each decoder? (ii) Please draw a diagram to show the two-
dimensional decoding structure for the 64k word memory.
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(12 pts) 6. Programmabe Logic Array (PLA)

% Please using a PLA to implement the following two Boolean funtions, considering
minimizing the number of product terms. (Please show your implementation process, and

finalize with the circuit of the designed PLA) e
| ,,;{.,a}
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F1(A,B,C)=310, 2, 3, 6)

F(A,B.C)=3(2,4,5,7)




(15 pts) 7. Please design the sequential circuit specified by the following state diagram using
} T flip-flops. Please follow the design prcedure and end with the drawing of the sequential
circuit.
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